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RT-qPCR testing in a community setting 
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Table 1 

Demographic distribution of double positive, NPS-only positive, and saliva-only pos- 

itive individuals 

NPS + Saliva + NPS + Saliva- NPS-Saliva + p-value ∗

Symptom 

No 18 30 5 0.226 

Yes 27 24 3 

Age 

18–29 28 15 3 0.003 

30–49 10 25 1 

50 or above 8 14 4 

Sex 

Male 22 16 2 0.201 

Femal 22 34 4 

Race 

NH White 15 17 3 0.378 

Hispanic 30 31 4 

other or unknown 1 6 1 

Saliva device 

SDNA1000 27 40 6 0.235 

Conical 19 14 2 

Collection center 

Site one: n = 637 39 50 3 0.001 

Site two: n = 335 6 3 5 

∗ Fisher exact test via Monte carlo simulation 
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ear Editor 

Several groups 1–4 have reported that saliva specimens perform 

s well or better than nasopharyngeal swabs (NPS) in hospital, 

mergency care and mass screening settings when testing for 

ARS-CoV-2 with reverse transcriptase real time PCR (RT-qPCR). In 

ontrast, others found saliva less sensitive than NPS in commu- 

ity 5 or mildly infected outpatient settings 6 . To better understand 

aliva’s performance in the SARS-CoV-2 RT-qPCR assay, we col- 

ected paired NPS and saliva from self-reported mild symptomatic 

r asymptomatic individuals at two community testing sites in 

ucson, Arizona between late July and early September 2020. The 

tudy was reviewed and approved by the Advarra Institutional Re- 

earch Board. 

Self-collection of saliva was performed using either the SDNA- 

0 0 0 Saliva Collection device (Spectrum Solutions LLC, USA) or a 

terile dry 50 ml conical vial followed by NPS collection within 

0 min by medical staff. All samples were processed within 12 h 

f collection using the Beckman RNAdvance Viral XP Reagent kit 

nd the CDC 2019 nCoV Real-Time RT-PCR Diagnostic Panel with 

ne Step PrimerScript TM III RT-PCR Kit (Takara Bio Inc. Japan). Us- 

ng this platform, the viral yield of saliva was comparable to that 

f NPS using contrived samples and serial dilution of positive saliva 

amples. 

A total of 943 pairs of samples were collected and tested, of 

hich 108 pairs had positive results (11.5%). This included n = 54 

amples in which only NPS samples were positive (“NPS-only”), 

 = 8 in which only saliva was positive (”saliva-only”) and n = 46 

n which both NPS and saliva were positive (“double positive”). 

The overall positive agreement of saliva to NPS (saliva sensi- 

ivity) was 46% (95% CI: 36.6%–55.7%). The average saliva cycle 

hreshold (Ct) value was 26.8 ± 5.9 (N1, same for all below) which 

as significantly higher than 23.2 ± 8.5 (paired t-test, p < 10 −4 ) 

f NPS, consistent with several earlier reports 4–6 . Of 843 NPS neg- 

tives, 8 saliva specimens were positive. The saliva specificity rel- 

tive to NPS was 99.1% (n = 843, 95% CI: 98.1% to 99.5%) with an

verage Ct of 34.4 ± 3.4. 

Saliva sensitivity varied inversely with NPS Ct. When NPS Ct 

as lower than 26, saliva was positive in all NPS positive samples 

n = 27, sensitivity 100%, 95% CI: 87.5%–100%). When NPS Ct was 

etween 26 and 33, only 48.0% of the positive NPS samples had 

aired positive saliva (n = 25, 95% CI: 30.0%–66.5%). When NPS 

t was greater than 33, the saliva sensitivity further decreased to 

4.6% (n = 48, 95% CI: 7.3%–27.2%) ( Fig. 1 ). Although the lowest

PS Ct groups had a significantly higher number of symptomatic 

ndividuals ( p = 0.04, Fig. 1 pie chart), the overall saliva sensitivity 

s not related to the symptoms ( Table 1 ). 

s

ttps://doi.org/10.1016/j.jinf.2020.11.015 

163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights r
Among NPS-only positive individuals, a total of 22 had on- 

et of symptoms 14 days earlier or SARS-COV-2 positivity longer 

han 14 days whereas there was only one such case among dou- 

le positives. After excluding these individuals, the saliva sensitiv- 

ty reached 86.7% (n = 45, 95% CI: 73.8%–93.7%) for NPS Ct of 33 

nd lower ( Fig. 1 ). Our results corroborate early reports that saliva 

ositivity declines more rapidly than that of NPS after two weeks 

f infection 

2 , 6 . 

We examined the effects of other factors on saliva sensitivity, 

ncluding age, gender, race, saliva collection device, and collection 

ite ( Table 1 ). The double positive group had a significant number 

f individuals younger than age 30 (p = 0.003). Gender, race, and 

ollection device had no significant impact on saliva sensitivity. Of 

ote, the two specimen collection sites had significantly different 

esting result profiles. Site 1 had the majority of positive cases 

positivity rate of NPS and saliva combined was 14.4%), whereas 

ite 2 had a much lower positivity rate of 4.5%. Saliva appeared to 

e more sensitive than NPS at Site 2. Site 2 had 4 NPS-only pos- 

tives and 5 saliva-only positives, whereas Site 1 had 50 NPS-only 

ositives and 3 saliva-only positives. Although the total number of 

ositive cases at Site 2 was small ( Table 1 ), the difference is sig-

ificant ( p = 0.001). Moreover, of 3 NPS-only positives at Site 2, 

ne was inconclusive on saliva testing and two were known posi- 

ive for more than 14 days at the time of this study. The two sites

enerated two different results with saliva more sensitive at one 

ite, and less at another. 
eserved. 

https://doi.org/10.1016/j.jinf.2020.11.015
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
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Fig. 1. Bar graph: The relationship between saliva sensitivity (or positive agreement to NPS) and the NPS Ct range. Saliva sensitivity from left to right: 100% (n = 27), 48.0% 

(n = 25), and 14.6% (n = 48), corresponding to the NPS Ct range of 26 and lower, between 26 and 33, and higher than 33. After excluding individuals infected longer than 14 

days, saliva sensitivity was 86.7% when NPS Ct was 33 and lower (n = 45) (the right most bar). Error bar represents the 95% confidence interval. Pie chart: The composition 

of symptomatic (orange) and asymptomatic (blue) individuals in the corresponding NPS Ct range. Percentage of symptomatic individuals from left to right: 66.7%, 40.0%, 

47.9%, and 53.3%. The lowest NPS Ct group (the left most pie) had a significant number of symptomatic individuals ( p = 0.04). 
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The differences cannot be readily attributed to procedural varia- 

ions. The two collection sites had the same rotating medical staff, 

ollowed the same collection and transportation protocol, and col- 

ected the paired specimens on the same days. The samples from 

wo sites were randomly batched together for the lab analysis. The 

opulation at Site 2 was more suburban and socially distanced 

ith an average age of 47.8 years, compared to 34.4 years at Site 1. 

ince the performance of laboratory tests can vary as a function of 

he prevalence of the disease, the disparate results profiles across 

ites could be related to the differences in the SARS-CoV-2 posi- 

ivity at the two testing sites. It is also possible that the observed 

ifferences were due to demographic differences or a chance oc- 

urrence. 

Nearly half (47%) of all NPS positives in our cohort had Ct 

igher than 33. Some had prolonged presence of the virus and 

ther had unknown date of initial infection, likely a true picture 

f many communities. Most of those people were tested negative 

y saliva. Previous studies have shown there is much lower like- 

ihood of isolating live SARS-CoV-2 virus from test samples when 

t > 33–35 7 , 8 . Detecting viral RNA does not equate with infectious 

irus being present and transmissible. Further work is needed to 

stablish the relationship between RT-qPCR Ct values in saliva and 

iral infectivity 9 , particularly in populations with a high prevalence 

ate 10 . 
Z

2 
Because its collection is non-invasive and does not require 

rained medical staff, saliva is a desirable specimen for COVID-19 

creening and diagnostics. Our results indicate that RT-qPCR testing 

f saliva in a community-based population can effectively identify 

nfected individuals with the high viral loads in a timely fashion, 

hich is important for identifying those who may have the great- 

st potential to spread the virus. 
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